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Abstract 


One of the latest applications of wireless biotelemetry is in the field of implantable and ingestible sensors. 
The former are implanted inside the human body by means of a surgical operation, while the latter are 
ingested, just like regular pills, and they perform a wide variety of diagnostic and therapeutic functions. 
Design of implantable and ingestible sensors brings forward several challenges, including miniaturization, 
powering, patient safety, performance evaluation, etc. Nevertheless, applications of such implantable and 
ingestible sensors are endless and very-fast growing, thus eliminating any concerns related to the 
aforementioned challenges and their invasive nature. With such attractive features in mind, this paper 
provides a review of implantable and ingestible sensors, by discussing the design challenges involved, and 
highlighting some of the medical applications. 
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We are in the Wireless Era 
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VISION: Wireless Unobtrusive Healthcare Monitoring 
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Healthcare Costs are Rapidly Increasing 





Health care spending has grown much faster than the rest 


of the economy in recent decades. Health Care Spending Per Capita (SUS PPP) 
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The "Radio Doctor" Concept Dates back to 1924 
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Wireless On-/In-Body Devices --- Definitions 
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In-Body Medical Device Applications 
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Implants and Ingestibles in the Market 
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Technologies Brought Forward in Realizing 
Wireless Implants and Ingestibles 


Antennas 
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Miniaturization Techniques for In-Body Antennas 





A. Kiourti and K.S. Nikita, “Miniature Scalp—Implantable Antennas for Telemetry in the MICS and ISM Bands: 
Design, Safety Considerations and Link Budget Analysis,” IEEE Transactions on Antennas and Propagation, 
vol. 60, issue 6, pp. 3568-3575, Aug. 2012. 
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Circuit Design for In-Body Devices 





Example 2.4/4.8 GHz brain implant employing a simple, miniaturized, and 
battery-less circuit design. 
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very low-voltage 


Biocompatible and Flexible Materials 
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Bio-EM and SAR Compliance 


Specific absorption rate (SAR) is a measure of the rate at which energy is absorbed by the human body 
when exposed to a radio frequency (RF) electromagnetic field 
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where 
g is the sample electrical conductivity 
E is the RMS electric field 
p is the sample density 





V is the volume of the sample 


“ICNIRP = International Commission on Non-lonizing Radiation Protection سای ات ت اتاب یا‎ '———— 
“FCC = Federal Communications Commission 


THE OHIO STATE UNIVERSITY 
ELECTRICAL & COMPUTER ENGINEERING 


Power Harvesting Solutions 
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Body Heat:2.4-4.8W £9 


S ^ Exhalation:1.0W biocompatible energy harvesting, Energy and 
| Environmental Science, 2010 


Blood Pressure:0.93W 


Finger Motion:6.9-19mW 





Footfalls: 67W 


Implanted Electroactive Pump 


electroactive pump 


management 
circuit 


exterior Storage 

antenna antenna element 
THE OHIO STATE UNIVERSITY " 
ELECTRICAL & COMPUTER ENGINEERING 


electrodes 


Validation: Phantoms > Animals > Human Subjects 











Drive 
headstage Display and 
Control Unit 


PD EH 
microelectrode 


macroelectrode 





I HE OHIO STATE UNIVERSITY 


17 
ELECTRICAL & COMPUTER ENGINEERING 1/ 


Example Tissue Electrical Properties 





— skin phantom E 


|7*'7skin phantom o | 
s.. reference E 


+= un 


ad 
Conductivity ( c) [S/m] 


reference c 


т د‎ ња 


Permittivity (=) 


воины вытеснены ивы виа авы в 


гә 





E 2.5 3 3.5 4 =з 5 
Frequency [GHz] 


A. Kiourti, C. Lee, J. Chae, and J.L. Volakis, “A Wireless Fully-Passive Neural Recording Device for Unobtrusive Neuropotential Monitoring,” /EEE Transactions on 
Biomedical Engineering, vol. 63, no. 1, pp. 131-137, Jan. 2016 


THE OHIO STATE UNIVERSITY 18 
ELECTRICAL & COMPUTER ENGINEERING 


Example Phantom "Recipes" at 402 MHz 


@ 402 МН? 


deion. water (85.97%) 
salt (0.56%) 
agar (2.67%) 
polyeth. powder (8.61%) 
TX-151 (2.14%) 
natrazid (0.05%) 


deion. water(47.42%) 
deion. water (41.48%) deion. water(47.62%) glycerol (44.44%) 
recipe sugar (56.18%) glycerol (50.81%) salt(1.47%) 
salt (2.33%) salt(1.57%) agar (4.44%) 
polyeth. powder (2.22%) 


state 


tissue skin muscle skin muscle 


meas. £, 46.7 90.0 46.0 57.0 
meas. с 0.7 Sim 0.8 S/m 0.7 S/m 1.1 S/m 
desired £, 46.7 57.1 46.7 57.1 


desired c 0.7 S/m 
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Medical Monitoring Everywhere & Anytime: 
a dream, soon to become a reality 
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Thank you! 
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